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Summary: 
 
Collm (52°N, 15°E) midlatitude mesosphere/lower thermosphere (MLT) zonal winds are in-
vestigated with respect to a possible influence of the Southern Oscillation (SO). It is found 
that in winter the prevailing wind is positively correlated with the Southern Oscillation index 
(SOI), which qualitatively fits to the response of the low-latitude stratosphere on the SO. In 
summer, however, there is a negative correlation between MLT zonal winds and SOI. A pos-
sible mechanism, which includes slightly enhanced planetary wave propagation to the MLT in 
summers of low SOI is discussed. 
 
Zusammenfassung: 
 
Windmessungen aus Collm (52°N, 15°E) wurden hinsichtlich eines möglichen Einflusses der 
Southern Oscillation (SO) in ihnen untersucht. Es zeigt sich, dass im Winter der mittlere Zo-
nalwind positiv mit dem "Southern Oscillation Index" SOI korreliert ist, was qualitativ mit der 
Reaktion der Stratosphäre auf ENSO übereinstimmt. Im Sommer findet sich jedoch ein 
negativer Zusammenhang zwischen hochatmosphärischem Zonalwind und SOI. Ein möglicher 
Mechanismus, der die Ausbreitung planetarer Wellen beinhaltet, wird diskutiert. 
 
1. Introduction 
 
The Southern Oscillation (SO), often considered in connection with El Niño and thus abbrevi-
ated ENSO, is one of the strongest signals of the tropical atmosphere, which influences also 
extratropical regions. The SO is a seesaw in surface pressure between the tropical Indian 
Ocean/eastern Pacific and the other parts of the tropical Pacific, which influences tropospheric 
temperature and other climate parameters on a global scale. A typical period range of the con-
nected oscillation is 3 - 4 years. 
 
The SO also influences the stratosphere, as has been shown by van Loon and Labitzke (1987). 
During so-called "warm events" of the SO in winter the Aleutian high is intensified and the 
stratospheric polar vortex is disturbed. The reason for that is that during warm events the 
warm Pacific sea surface then leads to stronger convection in the tropics, thus stronger radia-
tion from the cloud tops in the lower stratosphere and a colder tropical stratosphere then (e.g. 
Labitzke, 1999).  
 
As the SO has some influence upon the stratosphere, it can be assumed that it also influences 
the upper layers of the middle atmosphere, namely the mesosphere/lower thermosphere 
(MLT) region around 70 - 110 km altitude, which is dynamically connected with the strato-
sphere e.g. through planetary and gravity wave propagation. MLT wind variations in the pe-
riod range of 2 - 5 years were reported by Namboothiri et al. (1993, 1994) using the Saska-
toon, Canada, medium frequency (MF) radar data. Oscillations with periods of 2 - 5 years 
were also found within time series of the prevailing wind by Portnyagin (1986) and 
 Portnyagin et al. (1993). Also recently, Kane et al (1999), using an extended database of 
Saskatoon winds, found variations in the 3-4 years band and speculated that these may be due 
to an influence of ENSO. Gavrilov et al. (1999) have found some interannual variability in 
gravity wave activity which they claimed to partially being due to ENSO. Investigating time 
series of MU radar mesospheric winds over Shigaraki, Japan (35°N) they found during times 
of El Niño weaker westerlies or stronger easterlies in winter and summer, respectively. 
 
To investigate, whether the ENSO signal is also visible in the mesosphere/lower thermosphere 
(MLT) region we investigate wind data from the long-term measurements over Collm, Ger-
many. This is one of the very few MLT wind time series that extend over more than one dec-
ade. One has to be aware that results from one single point measurement can possibly not be 
assigned to the whole MLT and regional differences may be present. So, for instance, Jacobi 
et al. (2000) showed that there are considerable differences in the year-to-year variation of 
MLT winds over Canada and Europe at the same latitude. Therefore the results from Collm 
winds alone can only be attributed to the MLT region over Europe. 
 
2. Data 
 
The horizontal wind field of the mesosphere/lower thermosphere region over Collm, Ger-
many, is continually observed by daily D1 radio wind measurements in the LF range, using 
the ionospherically reflected sky wave of three commercial radio transmitters on 177, 225 and 
270 kHz. The measurements are carried out according to the closely-spaced receiver tech-
nique. A modified form of the similar-fade method is used (Schminder and Kürschner, 1994). 
The procedure is based on the estimation of time differences between corresponding fading 
extrema of the ionospherically reflected LF sky wave for three measuring points forming a 
right angled triangle over the ground with small sides of 300 m in direction N and E, respec-
tively. The individual pairs of time differences which allow the calculation of individual wind 
vectors are measured at a temporal resolution of 0.25 s.  
 
The individual wind measurements are combined to half-hourly zonal and meridional mean 
wind values on each frequency, with a mean value being averaged over 30 - 60 data points per 
frequency. The 1-σ variation of the half-hourly mean is in the order of 20 ms-1, caused by the 
real wind variations and the uncertainties and number of the individual wind measurements. 
Since 1979, in order to improve the statistical reliability of the results, including the results of 
the individual measurements on each of the three frequencies combined with a weighting 
function based on an estimate of the ”chaotic velocity” (Sprenger and Schminder, 1969), mean 
values are calculated, referring to a reflection point at 52°N, 15°E. Since during the daytime 
the absorption of the sky wave is large, the measuring density decreases strongly then and es-
pecially in summer at times no half-hourly means can be constructed during the daytime. This 
results in a total of about 700 half hourly mean values per month in summer, and about 1200 
in winter. 
 
The prevailing wind calculations are based on half-hourly horizontal wind measurements at 
the mean measured reflection height of low-frequency radio waves. Thus, the measurements 
use total reflection of the LF radio waves, so that at any time wind measurements are possible 
only at one specific height. However, since this height changes during the day (e.g. Kürschner 
et al., 1987) and also from day to day it is possible to calculate monthly mean profiles of wind 
 parameters between about 85 - 105 km (depending on season) using a regression analysis with 
quadratically height-dependent parameters, which takes into account the semidiurnal tide: 
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with p = 2, ω as the angular frequency of the semidiurnal tide, and h being estimates of the 
real reflection height, which is calculated from the virtual reflection height using realistic 
electron density profiles (e.g. Jacobi et al., 1997). The virtual reflection heights are estimated 
using measured travel time differences between the ground wave and the reflected sky wave 
by means of phase comparisons in the modulation frequency range on 1.8 kHz of the ampli-
tude modulated LF radio wave (Kürschner et al., 1987).  
 
The reflection height measurements have begun in September 1982 and are, as well as the 
wind measurements, carried out continuously since. Therefore mean profiles of MLT wind 
parameters can be obtained since then, whereas the measurements before late 1982 can only 
be interpreted in terms of the wind field of the maximum measurement density height near 95 
km. For this purpose Eqs. 1 and 2 are applied without height dependence, i.e. with p = 0 to the 
monthly median half-hourly wind values. In the following we shall shortly present long-term 
mean zonal prevailing wind profiles, but in order to extend the time series back to 1979 for 
trend estimations we shall use the monthly mean winds calculated without height dependence 
of the regression coefficients. 
 
In order to improve the separation and the spectral selectivity of the evaluation of the tidal 
components, we make use of the circular polarization of the tide (Kürschner, 1991; Jacobi et 
al., 1999) to calculate the tidal amplitudes and phases, thus 
b ck m k z, ,= −  ,   and     c bk m k z, ,=  .                 (3) 
The polarisation of the tidal components was proved e.g. by Jacobi et al. (1999) comparing 
tidal components measured independently at several northern midlatitude stations. The zonal 
prevailing wind is calculated after: 
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This procedure is described, for example, by Kürschner and Schminder (1986) and Jacobi et 
al. (1997). Using this method, also combined profiles of winds from the Collm LF D1 meas-
urements and the Juliusruh MF radar of the IAP Kühlungsborn are regularly calculated (e.g. 
Schminder et al., 1997). 
 
For describing the SO using one single time series the Southern Oscillation Index (SOI) is fre-
quently used. There exist several slightly different methods in calculating the SOI. It is taken 
here as the difference of the normalised Darwin and the normalised Tahiti sea level pressure 
anomaly (Trenberth, 1984; Ropelewski and Jones, 1987). Note that low SOI values mean 
strong pressure differences across the Pacific, weaker trade-winds and thus warmer sea-sur-
face temperatures over the eastern Pacific. El Niño events are connected with low SOI. 
 3. Results 
 
3.1 Zonal prevailing winds over Collm 
 
In Figure 1 winds from the HWM93 empirical wind model (Hedin et al., 1996) are shown for 
winter (December - February, DJF) and summer (June - August, JJA) for 52°N latitude. In the 
MLT region the respective Collm zonal winds are added. The Collm data are 1983 - 1998 
mean values.  
 
Height measurements at Collm are only available since 1983. To obtain an extended time 
interval, in the following winds calculated without height dependence are used, which can be 
attributed to the height of the maximum measuring density near 95 km. In Figure 2 the times 
series for JJA and DJF means are shown together with the respective SOI values. Comparing 
the Collm winds with the Shigaraki MU radar data (Gavrilov et al., 1999, their Figure 1) it 
can be seen that, despite the longitudinal and latitudinal difference, some similarities are 
found, particularly the 1992 minimum in winter is found in both time series, and in the 1990s 
the Collm summer westerly winds are increasing, which corresponds to the decreasing of the 
easterly winds over Shigaraki after 1992. 
 
The correspondence between SOI and MLT zonal winds is visible in the winter time series, 
e.g., in the corresponding minima in 1983, 1992, and 1998. The summer time series appear to 
be less strongly correlated, but a weak anticorrelation may be visible in the upper part of 
Figure 2. In addition, a positive long-term trend is visible in the MLT zonal winds with an in-
crease of the westerly winds of 0.51 ms-1yr-1 in summer and 0.29 ms-1yr-1 in winter, which is 
not found in the SOI time series. 
 
 
Figure 1: Mean winter (left panel) and summer (right panel) zonal prevailing wind profiles 
for 52°N from the HWM93 model and from LF D1 measurements over Collm. 
 3.2 The connection between SO and MLT zonal winds 
 
To show the connection between voz and SOI, the correlation coefficients between these pa-
rameters are shown in Figure 3 for each month of the year. A clear seasonal cycle is visible, 
although the correlation is not very strong in most months. However, at least during most of 
the winter the correlation is significant (t-test, see dotted lines in Figure 3).  
 
It has been shown by several authors, and this is also confirmed by the results presented in 
Figure 2, that the MLT wind parameters exhibit considerable long-term trends and decadal 
variations, which are possibly owing to long-term atmospheric variability in connection with 
greenhouse gas emissions and extraterrestrial forcing in the frame of the 11-year solar cycle 
(e.g. Namboothiri et al., 1993; Bremer et al., 1997; Jacobi et al., 2000). As these signals not 
necessarily are found in the SO, we apply a high-pass filter by investigating the year-to-year 
differences of the MLT zonal winds and the SOI. The respective correlation coefficients for 
these data are also shown as open symbols in Figure 3. It can be seen that in summer the 
correlation is stronger than if one uses the unfiltered time series. In addition, we also corre-
lated the SOI values of the respective months with the voz values one month later (crossed 
symbols). This appears to be reasonable if we may assume that in summer planetary wave 
(PW) propagation during different phases of the SO may play a role in the possible tropo-
sphere-mesosphere-lower thermosphere coupling process, and the waves may need some time 
to propagate to the lower thermosphere. The correlation is much stronger now for June and 
July. In winter there is no strong difference when using either filtered or unfiltered time series, 
because the winter voz long-term trend is weaker than the summer one so that the filter will 
only weakly influence the overall variability.  
 
 
Figure 2: Time series of summer (JJA, upper part of figure) and winter (DJF, lower part of 
figure) zonal prevailing winds voz near 95 km and SOI. 
  
Figure 3: Solid symbols: correlation coefficients r between monthly mean Collm zonal 
prevailing winds voz and the SOI for each month of the year. Open symbols: correla-
tion coefficients between the year-to-year differences of SOI and voz in the respective 
months. Crossed symbols: correlation coefficients between the year-to-year differ-
ences of SOI in the respective months and voz one month later. Period used is 1979 - 
1999. The 95% significance level is indicated by the dotted lines (t-test). 
 
Figure 4: Year-to-year difference of zonal prevailing wind in winter (DJF, left panel) and 
summer (JJA, right panel) vs. year-to-year difference of SOI. 
 In Figure 4 these year-to-year differences of the Collm MLT voz (∆voz) are presented vs. the 
respective SOI differences (∆SOI) for winter (DJF) and summer (JJA). The correlation is 
positive in winter, which can be expected if the reaction of the stratosphere on warm events 
(corresponding to small SOI) is taken into account: the stratospheric vortex is weaker due to 
an intensified Aleutian high (van Loon and Labitzke, 1987), which leads to weaker westerly 
winds in the mesosphere and also lower thermosphere. Therefore a positive correlation of SOI 
and voz is expected. In summer, however, the correlation is negative, although it is not too 
strong (r = -0.48). However, if we correlate May - July mean values of SOI with June - Au-
gust means of voz to take into account a possible delay due to the travel time of wave propaga-
tion, the correlation strengthens (r = -0.53, not shown in the figure). 
 
3.3 Planetary wave propagation and SO in summer 
 
The possible negative correspondence of summer SOI and MLT zonal winds seen in the right 
panel of Figure 4 cannot be explained by a simple decrease of the pressure level height gradi-
ent between high and equatorial latitudes during cold events (high SOI values). This would 
lead to a weaker strato-mesospheric easterly jet and in the MLT, i.e. above the wind reversal 
(Figure 1) to a stronger westerly wind, so that a positive connection would be the result. In 
addition, we compared the zonal mean summer 30 hPa temperatures at 15°N near the equator 
with the SOI using year-to-year differences to avoid the influence of the negative stratospheric 
temperature trend (e.g. Keckhut et al., 1999). We found a weak negative correlation 
(r = -0.34, -0.56, -0.38 for June, July and August, respectively) which would mean that during 
cold events (high SOI) the low-latitude zonal mean stratospheric temperature is lower and 
thus the latitudinal pressure gradient should be even stronger, if there is any connection. 
 
We assume, however, that the negative connection seen in Figure 3 could be owing to varying 
PW propagation during the different phases of the SO. If we hypothesise that during cold 
events either westward travelling PW are more effectively forced or the propagation of part of 
the westward travelling waves through the stratosphere is facilitated, in the mesosphere and 
lower thermosphere this would lead to a westward directed acceleration of the mean flow 
through wave-mean flow interaction. This would mean that in the MLT region the easterlies 
(below 90 km altitude, see Figure 1) are stronger or the westerlies above 90 km altitude are 
weaker, as is the case over Collm (Figure 4). In principle, PW with comparatively short peri-
ods as the Rossby quasi 5-day wave, which have higher phase velocity, are more easily able to 
tunnel through the strato-/mesospheric easterlies in summer. However, a considerable part of 
the summer PW with short periods are due to atmospheric instability of the mesosphere, as is 
the case with the quasi 2-day wave (see Plumb, 1983). Meyer and Forbes (1997) proposed that 
a 6.5-day westward propagating wave is owing to atmospheric instability, too. Therefore in-
vestigating short-period (less than 10 days) PW might be misleading, and we consider the 
quasi 16-day Rossby PW here. 
 
A measure for the activity of the quasi-16-day wave is the standard deviation σ12-25 of the 
daily mean winds at Collm. Daily zonal and meridional mean wind values are calculated 
similar to the monthly means, but using half-hourly winds of only one day. The time series 
being filtered in the period range 12 - 25 days using a Lanczos filter (see, e.g., Thomson and 
Chow, 1980) with 100 weights. From the filtered time series daily values of the standard de-
viations σz,12-25 and σm,12-25 of the zonal and meridional prevailing wind are calculated using a 
32-day time interval each, and the respective values are attributed to the centre of the interval. 
 From these data 3-monthly means can be calculated. The procedure is described in Jacobi et 
al. (1998). The total standard deviation is calculated after: 
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JJA time series of σ12-25 and SOI are shown in Figure 5. No clear connection can be seen, 
which is probably due to two reasons. 
 
Firstly, during the westerly phase of the equatorial quasi-biennial oscillation (QBO) westward 
travelling PW may propagate through the equatorial waveguide to the summer lower thermo-
sphere (Dickinson, 1968). Jacobi et al. (1998) have found the QBO signal in the PW activity 
of the summer MLT over Collm. This wave activity may be stronger than the relatively weak 
signal due to the SO and may cover the correspondence. Therefore, to clearly show the possi-
ble process, only QBO east years should be selected. These are marked by the solid symbols 
in the SOI time series in Figure 5. 
 
Secondly, volcanic eruptions like the ones of El Chichon in 1982 and the Pinatubo in 1991 
lead to a strong warming on the lower stratosphere due to increased absorption then (Angell, 
1993; Labitzke et al., 1997). Therefore the SO signal in the stratosphere is not found in the 
year after the eruptions, as was reported by Labitzke and van Loon (1989). The years of the 
eruptions are marked by big solid symbols in the PW activity time series in Figure 5. 
 
 
Figure 5: Time series of summer (JJA) prevailing wind standard deviation σ12-25 in the 12-25 
days range and of the SOI. QBO east years are indicated by a solid symbol of SOI. 
Thick solid symbols for σ12-25 show years that are probably influenced by volcanic 
eruptions. 
 
  
Figure 6: 12-25 day standard deviation of Collm JJA prevailing wind vs. SOI for QBO east 
years. Solid symbols are years probably influenced by volcanic eruptions. 
If we present the σ12-25 and SOI date for QBO east years in a scatter plot, as it is done in 
Figure 6, we find an indication for a correlation between these parameters so that, as expected, 
the PW activity is slightly enhanced during high SOI years. This is also the case with the 
stratospheric planetary waves. In the upper panel of Figure 7 the correlation coefficients r be-
tween the monthly mean amplitude of the stratospheric height wave of zonal wavenumber 1  
and the SOI is presented. The 3-monthly mean wave amplitudes were calculated from daily 
regression analyses of 30 hPa gridded FU Berlin stratospheric pressure level height data at the 
respective latitudes. In the lower panel of Figure 7 the 1980 - 1999 mean amplitudes are 
shown. It can be seen that the correlation coefficients are positive at those latitudes where the 
amplitudes are strongest, which is in accordance with the Collm MLT results in Figure 6. 
 
It should be noted that the stratospheric data are calculated from radiosonde ascents performed 
once a day, so that the data may contain the information of the diurnal tide in the stratosphere. 
However, diurnal tidal amplitudes are maximum at lower latitudes (e.g. Forbes, 1982; Khatta-
tov et al., 1997; Geller et al., 1997; Hagan et al., 1999) while the maximum mean amplitudes 
in Figure 7 are found at high latitudes. Therefore we conclude that at least a considerable part 
of the height wave 1 is owing to PW activity. 
 
4. Conclusions 
 
Investigation of monthly Collm MLT zonal winds and SOI show that there is a relationship 
between the SO and the MLT region, which in winter corresponds to the reaction of the 
stratosphere to the SO (van Loon and Labitzke, 1987), so that stronger westerly winds are 
 found during years of high SOI. This is also in correspondence with results from the Japanese 
MU radar that has been presented by Gavrilov et al. (1999).  
 
In summer, Collm MLT zonal winds are negatively correlated to the SOI, while the strongest 
correlation is found in connection with a phase delay of one month between the SOI and the 
MLT winds. The connection between SOI and summer MLT winds may be explained by an 
influence of the SO on the PW propagation conditions in the middle atmosphere, which again 
force the MLT winds through wave-mean flow interaction. However, the Collm results for the 
summer months are not in correspondence with the Japanese radar results by Gavrilov et al. 
(1999). They have found stronger easterly winds during a period of El Niño. However, if we 
detrend the time series of Collm summer winds in the upper panel of Figure 2, we find, as is 
the case with the MU radar winds (Gavrilov et al., their Figure 1) that there is a general ten-
dency towards weaker thermospheric westerlies (which correspond to stronger mesospheric 
easterlies) in the early 1990s over both stations. This general tendency is filtered out when re-
garding only year-to-year variations as done in Figure 4. So possibly there are further proc-
esses acting on different time scales that influence the MLT region. 
 
We also have to be aware that the SO in the summer stratosphere is only a weak signal com-
pared, e.g., to the QBO that is the strongest circulation pattern in the tropical stratosphere (e.g. 
Naujokat, 1986). Therefore PW propagation in the equatorial stratosphere is much more 
strongly influenced by the QBO than by the SO. Even if we select cases with one particular 
QBO phase as we did in Figure 7, this does not totally exclude the influence of the QBO. 
Therefore it is clear that any SO influence on the MLT region must be weak. 
 
 
Figure 7: Correlation coefficients r between JJA 3-monthly mean 30 hPa height wave 1 
amplitudes and the SOI (upper panel) and monthly mean height wave 1 (lower panel) 
vs. latitude. 
 We stress again that results from one single point measurement not necessarily are valid for 
the entire MLT region and regional differences may be present. Jacobi et al. (2000) have pre-
sented considerable differences in the year-to-year variation of MLT winds over Canada and 
Europe. Therefore the results from Collm winds alone can only be attributed to the MLT re-
gion over Europe. An extended analysis including a larger number of stations with wind 
measurements will have to be performed. 
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